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HPLC–DAD–MSAbstract Hawthorn fruits (Crataegus spp.), may be a good source of antioxidants if is consumed
as fresh fruit since we know that it produce a numerous beneﬁcial effects for human health. In this
study, two species of hawthorn fruit, Crataegus monogyna and Crataegus azarolus were analyzed by
HPLC–DAD–MS and compared with respect to their phytochemical composition. Phenolic proﬁles
of studied fruits showed some similarities and differences in terms of polyphenols between the two
species. Twenty phenolics compounds distributed into four subclasses were identiﬁed: four phenolic
acids including three hydroxycinnamic acids and one hydroxybenzoic acid, eight ﬂavonoids repre-
senting the most abundant subclass including six glucosylated ﬂavonols and two ﬂavones, two
anthocyanins are present as glycosides of cyanidin, with cyanidin-3-O-glucoside is the most abun-
dant, only in monogyna peel fraction and four ﬂavanols divided into a monomer ()-epicatechin
identiﬁed in all fruit parts of both species, a dimer B2 and two trimers (C1 and C2). These phenolic
compounds are concentrated especially in peel fraction. These results indicate that hawthorn fruits
should be recommended in dietary habits as a potential source of antioxidant and anticarcinogenic
phenolic compounds.
ª 2014 TheAuthors. Production and hosting by Elsevier B.V. on behalf ofKing SaudUniversity. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The genus Crataegus (Hawthorn), belonging to the Rosaceae
family, is a genus of spiny trees or shrubs present in the
northern hemisphere (Verma et al., 2007). They are usually
multibranched shrubby trees that can reach a height of up to
10 m. The color of the ripe fruit ranges from yellow, through
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their fruit in early to mid-autumn (Brown, 1995).
Beneﬁcial effects of hawthorn fruit extracts have been con-
ﬁrmed by various studies, pharmacological data show that
hawthorn fruits and its preparations enhance myocardial con-
traction and conductivity, protect against ischemia (Veveris
et al., 2004). They have a sedative action, a protective effect
against arrhythmia and increase of coronary vessel ﬂow
(Zhang et al., 2001). They have also positive effects on the car-
diovascular system (Caliskan et al., 2012). Recent studies have
focused on the health beneﬁts of hawthorn fruits such as anti-
oxidant, antimicrobial, antiproliferative and mutagen proper-
ties (Froehlicher et al., 2009; Caliskan et al., 2012; Rodrigues
et al., 2012 and Mraihi et al., 2013). These pharmacological
properties are the consequence of the beneﬁc effect of active
phenolic compounds of hawthorn fruits that modulate a vari-
ety of biological events.
Polyphenols are secondary compounds widely distributed
in the plant kingdom. They are divided into several classes,
phenolic acids (hydroxybenzoic and hydroxycinnamic acids)
(Fig. 1), which is distributed in plants and foods of plant origin
(Manach et al., 2005). Additionally, phenolics act as metal che-
lators, antimutagens or anticarcinogens antimicrobial and
clarifying agents (Proestos et al., 2005).
The ﬂavonoid family is divided into a number of sub-
groups. The six main classes are ﬂavonols, ﬂavones, ﬂavan-3-
ols, isoﬂavones, ﬂavanones and anthocyanidins with similar
structure having a C6–C3–C6 ﬂavone skeleton (Fig. 1). Flavo-
noids are one of the most important bioactive polyphenols,
showing a diverse structure and a broad range of biological
activities (Naczk and Shahidi, 2004; De Rijke et al., 2006).
Flavonols and ﬂavones are synthesized in plant tissues from
a branch of the phenylpropanoid pathway. The major ﬂavonol
aglycones found in plant foods are quercetin, myricetin and
kaempferol, while a more limited number of fruits and vegeta-
bles contain the structurally-related ﬂavones, apigenin and
luteolin (Fig. 1). In plant tissues, ﬂavonols and ﬂavones are
found conjugated to sugars such as glucose, galactose, rham-
nose, and rutinose (Herrmann, 1988). Most conjugations occur
at the 3 position of the B ring, although it can also occur fre-
quently at the 7 and 40 positions.
Flavan-3-ols are a complex subclass of ﬂavonoids encom-
passing the simple monomers (+)-catechin, its isomer ()-epi-
catechin, oligomeric and polymeric procyanidins, commonly
known as condensed tannins (Catherine et al., 2005) (Fig. 1).
In particular, condensed tannins are usually associated with
astringent perception (Porter, 1988).
Anthocyanins are the strong antioxidants, which may be
related to the health beneﬁts. Anthocyanidins are ﬂavylium
(2-phenylbenzopyrylium) structures with varying hydroxyl or
methoxyl substitutions. The anthocyanin forms found in foods
are glycosides and acylglycosides of six common aglycon anth-
ocyanidins: pelargonidin, cyanidin, delphinidin, peonidin,
petunidin, and malvidin (Nicoue et al., 2007). Anthocyanin
pigments are responsible for the reddish blue and purple color
of many fruit (Martinelli et al., 1992).
The aim of the present study was to identify the main
phenolic compounds and to provide an overview of the phyto-
chemical composition of hawthorn fruit extracts using HPLC–
DAD–MS. Additionally, it was established the compositional
differences between the two Crataegus species very distributed
in Tunisian ﬂora.2. Materials and methods
2.1. Samples
2 kg of Crataegus azarolus and Crataegus monogyna fruit sam-
ples was recollected in September 2009 from Kef en Nsour
(Jendouba) northwestern Tunisia, located at 36 330 200 N lati-
tude, 8 250 2900 E longitude and 606 m altitude. Fruits were
immediately transported after recollection to our laboratory.
Fruits were peeled with a sharp knife, and the three parts: peel,
pulp and seeds were lyophilized and stored at 20 C until
analyzed.
2.2. Standards and reagents
Analytical grade phenolic standards: phloroglucinol, gallic,
protocatechuic, OH-benzoic, vanillic, caffeic, syringic, p-cou-
maric, sinapic, 3-(20,50-dimethoxybenzoyl) propionic (DMB
propionic), homovanillic, homogentisic, ferulic and chlorogen-
ic acids; phloridzin, catechin, epicatechin, quercetin,
quercetin-3-O-glucoside, kaempferol, were purchased from
Sigma–Aldrich Quı´mica S. A. (Madrid, Spain). Solvents used
were HPLC-grade and were obtained fromMerck (Darmstadt,
Germany). Methanol, ethanol, chloroform and chlorhydric
acid were supplied by Prolabo (Madrid, Spain).
2.3. Preparation of the phenolic extracts
The lyophilized peel, pulp and seed were processed separately;
Approximately 2 g of dried parts from each Crataegus species
was extracted three times by 15 ml of methanol/acidiﬁed water
HCl 1.5 N, during 30 min in an ultrasonic bath (FALC Instru-
ments, Italy) (Khanizadeh et al., 2008). The extracts were cen-
trifuged and the three methanolic supernatants were combined
and the methanol was removed in vacuo. The aqua resultant
extracts were lyophilized until dried. Finally, 5 ml of ultrapure
water (Millipore Milli-Q water puriﬁcation system) was added
into the dried extracts and ﬁltered through a 0.45 lm mem-
brane-ﬁlter.
2.4. HPLC–UV Analysis of Phenolics
A sample of 20 lL of the different supernatants above-
obtained was analyzed using an Agilent 1200 Series liquid
chromatography with a quaternary pump and a photodiode
array detector (DAD) and an Ultrabase C18 column (5 lm;
4.6 mm · 150 mm) which was set thermostatically at 25 C.
Solvents used to analysis were acetic acid 2.5% (A), HPLC-
grade acetonitrile (B), ultra-pure water (C) and acetic acid
2.5% HPLC-grade acetonitrile (90:10) (D) at a ﬂow rate of
0.5 mL min1. Elution was performed as previously described
by Pallaufa et al. (2008).
2.5. HPLC–MS analysis
In order to conﬁrm the identity of the phenolic compounds
that could not be done by HPLC–UV, additional analysis
was carried out using HPLC with mass spectrometry detection
Agilent 1100 Series liquid chromatography equipped with an
API source and employing an ESI (electrospray ionization)






































































Figure 1 Chemical structure of antioxidants present in Crataegus extracts fruits.
572 F. Mraihi et al.interface. The HPLC system was connected to a DAD and a
simple quadruple G1946D Q-LC/MS. Sheath as well as auxil-
iary gas was a mixture of helium and nitrogen. The capillary
voltage was 3 V and the capillary temperature 180 C. Solvents
used were ultrapure water (A), HPLC-grade acetonitrile (B),
formic acid 1% (C) and formic acid 1% HPLC-grade acetoni-
trile (90:10) (D) at a ﬂow rate of 1 mL min1. Elution program
start with 100% C, the gradient was the following: from 100%
C to 100% D in 3 min, from 100% D to 1% B in 4 min, iso-
cratically 1% B in 3 min, from 1% B to 12% B in 20 min, from
12% B to 50% B in 5 min, isocratically 50% B in 5 min, from50% B to 100% C in 2 min (Pallaufa et al., 2008). Spectra were
recorded in the positive ion mode and the MS detector was
programmed to perform a series of consecutive scan: full scan
from m/z 150 to 1500.
2.6. Phenolic identiﬁcation and quantiﬁcation
Chromatograms were recorded at 280, 330, 370 and 520 nm.
Phenolic compounds were identiﬁed by their UV spectra
recorded with a diode array detector and by LC–MS. Some of
these phenolics have been previously identiﬁed with authentic
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their corresponding daughter MS2 fragments. Anthocyanins
were quantiﬁed at 520 nm as cyanidin 3-glucoside, ﬂavonols at
360 nm as quercetin-3-O-glucoside, hydroxycinnamic acid
derivatives around 320 nm as chlorogenic, acid and ﬂavan-3-
ols at 280 nm as catechin.
3. Results and discussion
3.1. Antioxidant peaks identiﬁcation
The method coupling high-performance liquid chromatogra-
phy (HPLC) with diode-array detector (DAD) and electro-
spray ionization mass spectrometry with an ion trap analyser
was optimized for the separation, identiﬁcation and character-
ization of phenolic acids, ﬂavonoid glycosides ﬂavonoid agly-
cones and anthocyanins by data of the retention time, kmax,
pseudomolecular ion, main fragment ions in MS2.
The Phenolic chromatographic proﬁle at 280, 320, 370 and
520 nm of the two species of hawthorn is shown in Figs. 2 and
3. Four classes of phenolic compounds were identiﬁed, mass
spectrometry analysis revealed that peaks PA1 to PA4 corre-
sponded to different phenolic acids, A1 and A2 represented
the anthocyanins glucoside, while peaks P1 to P4 were
assigned to proanthocyanidins. The symbolized picks F1 to
F8 belong to the ﬂavonols and ﬂavones subclasses.
3.2. Identiﬁcation and structure characterization of phenolic
acids and derivatives
The major phenolics compounds of Crataegus species studied
by LC–MS in positive ionization mode are presented in TablesFigure 2 HPLC/MS chromatograms1 and 2. Four phenolic acids are present in Crataegus corre-
sponded to hydroxycinnamic acids derivatives such as 5-O-caf-
feoylquinic acid (PA1), chlorogenic acid (PA3) and p-coumaric
acid (PA4). According to their UV spectra (kmax between 314
and 328 nm) and pseudo molecular ions [M  H]+ (m/z at
355, 355 and 165, all of them yielding a product ion at m/z
193, due to the deprotonated quinic acid) (Rodrigues et al.,
2012). Hydroxybenzoic acid represented by protocatechuic
acid peak PA2 at 8.6 min (pseudomolecular ion [M  H]+ at
m/z 155).3.3. Identiﬁcation of proanthocyanidins
The ﬂavan-3-ols with a different degree of polymerization
(i.e., catechins and proanthocyanidins) were other relevant
ﬂavonoids found in Crataegus species, especially, fruit
extracts of the C. monogyna samples (Tables 1 and 2). The
ﬂavan-3-ols proﬁles, showed the presence of four peaks
respectively symbolized in chromatograms by P1, P2, P3
and P4. The major positive ions containing structural infor-
mation for peaks P1 to P4 m/z were respectively; 291, 579,
and 867. Peak P4 was identiﬁed as ()-epicatechin by com-
parison of its UV spectra and retention time with a commer-
cial standard. Signal at m/z 579 (peak P2) is associated with
B-type procyanidin dimer. Peaks P1 and P3 (same pseudomo-
lecular ion [M  H]+ at m/z 867) were assigned to two procy-
anidin trimer C1 and trimer C2 containing two B-type
interﬂavonoid linkages.
The obtained fragmentation patterns of the condensed tan-
nins (Peaks P1–P3) are 697, 579, 427, 409, 289 and 291. They
may be the assumption of two fragmentation mechanisms for
these types of compounds. Either by retro Diels–Alderof different parts of C. monogyna.
Figure 3 HPLC/MS chromatograms of different parts of C. azarolus.
Table 1 Characteristics; (Rt), (kmax), mass spectral data, relative abundances of fragment ions and tentative identiﬁcation of phenolic
compounds in Crataegus monogyna fruit extracts.
Peak Rt (min) kmax (nm) Pseudomolecular ion [M+H]
+ (m/z) MS/MS (m/z) Tentative identiﬁcation
PA1 7.6 326 355 193, 181, 175, 163, 137 5-O-caﬀeoylquinic acid
PA2 8.6 318 155 155, 119 Protocatechuic acid
P1 9.3 278 867 697, 579, 427, 409, 289, 291 Procyanidin trimer C1
P2 10.3 280 579 427, 409, 291, 289 Procyanidin dimer B2
PA3 10.8 328 355 193, 181, 175, 163, 137 Chorogenic acid
P3 11.9 278 867 697, 579, 427, 409, 289, 291 Procyanidin trimer C2
A1 13.1 516 449 287 Cyanidin-3-O-glucoside
P4 13.2 280 291 291 ()-Epicatechin
F1 14.3 340 595 595, 287 Luteolin-7-O-rutinoside
A2 16.8 518 419 287 Cyanidin-3-O-arabinoside
F2 17.9 358 627 627, 465, 303 Quercitin-3,5-O-digaluctoside
F3 18.7 358 627 627, 465, 303 Quercitin-3,5-O-diglucoside
F4 22.2 348 449 449, 287 Kaempherol-3-O-galactoside
F5 24.3 348 449 449, 287 Kaempherol-3-O-glucoside
F6 28.9 338 433 433, 271 Apigenin-7-O-glucoside
F7 31.6 360 465 465, 303 Quercitin-3-O-galactoside
F8 34.4 360 465 465, 303 Quercitin-3-O-glucoside
574 F. Mraihi et al.fragmentation; loss of 152 amu followed by dehydration; loss
18 amu and loss of 122 amu not characterized correspond to
C6H2O3. Also by cleavage of the C–C bonds of the interﬂavo-
noid linkages by loss of a monomeric unit [M  H-291]+
(Friedrich et al., 2000).Results show considerable variations in the contents of
these compounds between red and yellow fruits extracts. ()-
epicatechin is the monomer presents in all fruits parts of both
Crataegus species extract, while the condensed tannins are
present only in red fruit extracts.
Table 2 Characteristics; (Rt), (kmax), mass spectral data, relative abundances of fragment ions and tentative identiﬁcation of phenolic
compounds in Crataegus azarolus fruit extracts.
Peak Rt (min) kmax (nm) Pseudomolecular ion [M+H]
+ (m/z) MS/MS (m/z) Tentative identiﬁcation
PA1 7.6 326 355 193, 181, 175, 163, 137 5-O-caﬀeoylquinic acid
PA2 8.6 318 155 155, 119 Protocatechuic acid
PA3 10.8 328 355 193, 181, 175, 163, 137 Chorogenic acid
P4 13.2 280 291 291 ()-Epicatechin
F1 14.3 340 595 595, 287 Luteolin-7-O-rutinoside
PA4 17.7 314 165 114, 102 p-coumaric acid
F2 17.9 358 627 627, 465, 303 Quercitin-3,5-O-digaluctoside
F3 18.7 358 627 627, 465, 303 Quercitin-3,5-O-diglucoside
F4 22.2 348 449 449, 287 Kaempherol-3-O-galactoside
F5 24.3 348 449 449, 287 Kaempherol-3-O-glucoside
F8 34.4 360 465 465, 303 Quercitin-3-O-glucoside
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The anthocyanin proﬁles obtained for Crataegus species were
very different. Only two broad peaks (A1 and A2) detected
around 517 nm were assigned to anthocyanin especially in
red Crataegus fruits (peel extract), respectively at Rt = 13.1
and 16.8 min. Identiﬁcation of individual anthocyanin was
performed by comparison with standards, retention times,
UV/vis, mass spectral data and the mass of the sugars bound
to the aglycons and the speciﬁc fragmentation patterns of the
compounds. The bound sugar moieties consist of hexoses with
a mass unit of 162 (glucose) and pentose with a mass unit of
132 (arabinose).
Cyanidin aglycone mass is 287, the order of elution of the
glycosides on the C18 column is glucoside before the arabino-
side. The MS data of the molecular and product ions of com-
pounds A1 and A2 (Fig. 4) were consistent with tow
constituents of Crataegus anthocyanins previously reported:
cyanidin-3-O-glucoside (449/287) and cyanidin-3-O-arabino-
side (419/287).
The red color of Crataegus fruit was coherent with the pres-
ence of the two major anthocyanin pigments, however, in the
other parts of fruits and the yellow specie, the anthocyanin
was absent.
3.5. Identiﬁcation of ﬂavonols
Mass spectrometric methods can be used to obtain informa-
tion on the carbohydrate sequence and the aglycone ﬂavonols.
Their identities were assigned based on their retention times
(Rt), maximal UV wavelength (kmax), pseudomolecular ions
and MS2 spectra, releasing fragments corresponding to the
losses of sugar. Based on bibliographical sadies, fragmentation
of O-glycosylated ﬂavonoids produced the cleavage of the gly-
cosidic bond with protons rearrangement resulting in the for-
mation of the genin. The removing of monosaccharide
residue is demonstrated by the loss of sugar. (Wolfender
et al., 2000; Cuyckens and Claeys, 2004). In none of them
the identity of the sugar and positions of location of the sub-
stituents could be established.
Furthermore, the pseudomolecular ions [M  H]+ of the
identiﬁed ﬂavonols compounds have respectively at m/z 627,
449 and 465. Major diagnostic fragments of ﬂavonols aglycone
identiﬁcation are those involving the cleavage of two C–C
bonds of the C-ring giving two fragment ions which provideinformation about the number and type of substituents. There-
fore the product ions, [aglycon–H]+, were detected at m/z 303.
In Fig. 5 are shown fragmentations of ﬂavonols peaks. F1, F3
(same pseudomolecular ion [M  H]+ at m/z 627) correspond-
ing to quercetin-3,7-O-digalactoside, quercetin-3,7-O-digluco-
side. Peaks F4 and F5 also with identical molecular ions at
m/z 449, thus, these peaks were tentatively assigned respec-
tively as quercetin-3-O-galactoside and quercetin-3-O-gluco-
side based on their fragmentation pattern and relative
fragment ion abundances. Similar reasoning was applied for
the assignment of peaks F7 and F8 ([M  H]+ at m/z 465),
releasing typical MS2 fragments ions, but with different char-
acteristics UV and different retention time, these peaks were
associated with kaempherol-3-O-galactoside and kaempherol-
3-O-glucoside.
3.6. Identiﬁcation of ﬂavones
The C-glycosylated ﬂavones were also found in Crataegus
fruits species. Peaks F2 and F6 showed a pseudomolecular
ion [M  H]+ respectively at m/z 595 and 433 (Fig.5). Their
identities were assigned based on their pseudomolecular ions
and MS2 spectra, releasing fragments corresponding to the
losses of rhamnosylhexosyl (146 to 162 uma) to obtain the
Luteolin aglycon at m/z 287. This disaccharide should be
either a rutinoside = Glc-Rha (m/z 308) or a Gal-Rha
(m/z 308) linked to the luteolin aglycone by either Glc or
Rha sugar. The fragment corresponding to the losses of a
hexosyl (glucose = 162 uma) giving an apeginin aglycon at
m/z 271 (Ferreres et al., 2003). Therefore, these peaks
were assigned to luteolin-7-O-rutinoside and apigenin-
7-O-glucoside.
3.7. Quantiﬁcation of antioxidants in Crataegus fruits species
The quantiﬁcation of Phenolic compounds present in the fruit
extracts was performed by comparison with the standard
curves appropriate in each case. The individual phenolic com-
pounds were divided into ﬁve subclasses such as phenolic
acids, anthocyanins, proanthocyanidins, ﬂavonols and ﬂav-
ones. Cyanidin-3-O-glucoside was used as the standard for
anthocyanin quantiﬁcation, quercetin-3-O-glucoside for ﬂavo-
nols, ()-epicatechin and (+)-catechin for proanthocyanidins.
The phenolic contents in the different parts of each Crataegus
fruits species are summarized in Table 3.
Figure 4 MS spectra, ion nomenclature and major fragments from red Crataegus peel extract.
Figure 5 MS spectra and fragmentation pattern of the identiﬁed ﬂavonols and ﬂavones in Crataegus fruits extract.
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Table 3 Antioxidants content in dried parts of red and yellow Crataegus fruit (mg. 100 g1).
C. monogyna C. azarolus
Peel Pulp Seed Peel Pulp Seed
Phenolic acids
5-O-caﬀeoylquinic acid 12.78 17.84 19.80 nd nd 8.59
Chlorogenic acid 30.85 14.80 18.49 8.61 3.10 12.24
p-Coumaric acid nd nd nd nd nd 6.48
Procatechuic acid nd nd 8.25 19.02 8.61 nd
Total phenolics acid 43.63 32.64 46.54 27.63 11.71 27.31
Antocyanins
Cyanidin-3-O-glucoside 49.00 nd nd nd nd nd
Cyanidin-3-O-arabinoside 15.50 nd nd nd nd nd
Total anthocyanins 64.50 0 0 0 0 0
Procyanidins
CA-(4aﬁ 8)-CA-(4aﬁ 8)-CA 32.31 6.18 122.1 nd nd nd
EC-(4bﬁ 8)-EC-(4bﬁ 8)-EC 64.08 nd 36.67 nd nd nd
EC-(4bﬁ 8)-EC 63.50 37.89 110.8 nd nd nd
()-Epicatechin 124.9 20.56 56.32 38.45 8.21 18.36
Total procyanidins 293.93 64.63 325.89 38.45 8.21 18.36
Flavonols
Quercitin-3,5-O-digalactoside 88.29 nd nd 58.48 nd nd
Quercitin-3,5-O-diglucoside 98.46 nd nd 28.91 nd nd
Kaempherol-3-O-galactoside 142.9 nd nd 44.41 nd nd
Kaempherol-3-O-glucoside 149.1 nd nd 21.42 nd nd
Quercitin-3-O-galactoside 312.3 nd nd nd nd nd
Quercitin-3-O-glucoside 221.1 7.58 nd 45.79 0.83 nd
Total ﬂavonols 1011.85 7.58 0 199.1 0.83 0
Flavones
Apigenin-7-O-glucoside 3.86 nd nd nd nd nd
Luteolin-7-O-rutinoside nd 1.41 nd 21.39 0.83 nd
Total ﬂavones 3.86 1.41 0 21.39 0.83 0
nd: Not detected.
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Being ﬂavonols the most abundant group they represent
73.38% and 67.59% followed by tannins with a percentage
21.31 and 13.05 of the total composition, respectively in red
and yellow fruits. The lower phenols content correspond to
the ﬂavones family (0.27% C. monogyna and 7.16% C. azaro-
lus). Anthocyanin pigmentations were present only in red fruits.
Chlorogenic acid and ()-epicatechin are the most abun-
dant phenolic compounds identiﬁed in all fruit parts of both
Crataegus species with the highest levels are localized in peel
fraction. Chlorogenic acid and its isomer 5-CQA, are widely
recognized to be an antioxidant for human LDL (Nardini
et al., 1995). It is also known as a scavenger for reactive species
of oxygen and nitrogen (Kono et al., 1997).
Other compounds are speciﬁc to each fruit parts of the two
species such as hyperoside which is identiﬁed only in red peel
fruit, while p-coumaric acid is speciﬁc for the yellow seed
fruits.
4. Conclusions
The knowledge of the phenolic compounds in two species of
hawthorn fruit, including ﬂavonoids, tannins, anthocyanin,phenolic acids and their derivatives, will help to deﬁne their
potential as a source of antioxidants. The phenolic proﬁles
by HPLC–DAD–MS of the different parts revealed high pre-
dominance of ﬂavonols and tanins, which are compounds that
modulate a variety of biological events. The quantiﬁcation
data allowed us to compare the three parts selected from the
two species. Most phenolic compounds could be detected in
all varieties, although their quantities differed considerably.
The highest levels of phenolics were detected in the red peel
fruits.
Therefore, it can be concluded that Crataegus fruits can be
used to enhance the bioactive compounds into food products
and to reduce oxidative stress, to retard or prevent various
human diseases. However, hawthorn may be explored for
pharmaceutical applications.Acknowledgments
The authors would like to acknowledge the Tunisian Ministry
of higher education for a scholarship. We are also grateful to
anonymous reviewers who helped, through their constructive
comments and suggestions, to improve the quality of the
manuscript.
578 F. Mraihi et al.References
Brown, D., 1995. Encyclopedia of Herbs and Their Uses. Dorling
Kindersley Publishers.
Caliskan, O., Gunduz, K., Serce, S., Toplu, Ci., Kamiloglu, O., Sengul,
M., Ercisli, S., 2012. Phytochemical characterization of several
howthorn (Crataegus spp.) species sampled from the Eastern
Mediterranean region of Turkey. Pharmacognosy Maga 8, 16–21.
Catherine, T., Cyril, A., William, M., Aurelie, B., Jean-Max, R., Alan,
C., Pierre-Louis, T., 2005. The absorption, metabolism and
excretion of ﬂavan-3-ols and procyanidins following the ingestion
of a grape seed extract by rats British. J. Nutr. 94, 170–181.
Cuyckens, F., Claeys, M., 2004. Mass spectrometry in the structural
analysis of ﬂavonoids. J. Mass Spectrom. 39, 1–15.
de Rijke, E., Out, P., Niessen, W.M.A., Ariese, F., Gooijer, C.,
Brinkman, U.A.Th., 2006. Analytical separation and detection
methods for ﬂavonoids. J. Chromatogr. A 1112, 31–63.
Ferreres, F., Silva, B.M., Andrade, P.B., Seabra, R.M., Ferreira,
M.A., 2003. Approach to the study of C-glycosyl ﬂavones by ion
trap HPLC-PADESI/MS/MS: application to seeds of quince
(Cydonia oblonga). Phytochem. Anal. 14, 352–359.
Friedrich, W., Eberhardt, A., Galensa, R., 2000. Investigation of
proanthocyanidins by HPLC with electrospray ionization mass
spectrometry. Eur. Food Res. Technol. 211, 56–64.
Froehlicher, T., Hennebelle, T., Martin-Nizard, F., Cleenewerck, P.,
Hilbert, J.L., Trotin, F., Grec, S., 2009. Phenolic proﬁles and
antioxidative effects of hawthorn cell suspensions, fresh fruits, and
medicinal dried parts. Food Chem. 15, 897–903.
Herrmann, K., 1988. On the occurrence of ﬂavonols and ﬂavone
glycosides in vegetables. Z Lebensm Unters Forsch 186, 1–5.
Khanizadeh, S., Tsao, R., Rekika, D., Yang, R., Charles, M.T.,
Vasantha Rupasinghe, H.P., 2008. Polyphenol composition and
total antioxidant capacity of selected apple genotypes for process-
ing. J. Food Composition Anal. 21, 396–401.
Kono, Y., Kobayashi, K., Tagawa, S., Adachi, K., Ueda, A., Sawa,
Y., Shibata, H., 1997. Antioxidant activity of polyphenolics in
diets. Rate constants of reactions of chlorogenic acid and caffeic
acid with reactive species of oxygen and nitrogen. Biochim.
Biophys. Acta 1335, 335–342.
Manach, C., Williamson, G., Morand, C., Scalbert, A., Re´me´sy, C.,
2005. Bioavailability and bioefﬁcacy of polyphenols in humans. I.
Review of 97 bioavailability studies. Am. J. Clin. Nutr. 81, 230S–
242S.
Martinelli, E.M., Scilingo, A., Pifferi, G., 1992. Computer-aided
evaluation of the relative stability of Vaccinium myrtillus anthocy-
anins. Anal. Chim. Acta 259, 109–113.Mraihi, F., Journi, M., Cherif, J.K., Sokmen, M., Sokmen, A.,
Trabelsi-Ayadi, M., 2013. Phenolic contents and antioxidant
potential of Crataegus fruits grown in Tunisia as determined by
DPPH, FRAP, and b-carotene/linoleic acid assay. J. Chem. 4.
Naczk, M., Shahidi, F., 2004. Extraction and analysis of phenolics in
food. J. Chromatogr. A 1054, 95–111.
Nardini, M., D’Aquino, M., Tomassi, G., Gentili, V., Di Felice, M.,
Scaccini, C., 1995. Inhibition of human low-density lipoprotein
oxidation by caffeic acid and other hydroxycinnamic acid deriva-
tives. Free Radical Biol. Med. 19, 541–552.
Nicoue, E.E., Savard, S., Belkacimi, K., 2007. Anthocyanins in wild
blueberries of Quebec: extraction and identiﬁcation. J. Agric. Food
Chem. 55, 5626–5635.
Pallaufa, K., Rivas-Gonzalo, J.C., del Castillo, M.D., Cano, M.P., de
Pascual-Teresa, S., 2008. Characterization of the antioxidant
composition of strawberry tree (Arbutus unedo L.) fruits. J. Food
Composition Anal. 21, 273–281.
Porter, L.J., 1988. Flavans and proanthocyanidins. In: Harbone, J.B.
(Ed.), The Flavonoids. Chapman and Hall Ltd., New York, pp. 21–
63.
Proestos, C., Chorianopoulos, N., Nychas, G.J., Komaitis, M., 2005.
RP-HPLC analysis of thephenolic compounds of plant extracts
investigation of their antioxidant capacity and antimicrobial
activity. J. Agric. Food Chem. 53, 1190–1195.
Rodrigues, S., Calhelha, R.C., Barreira, J.C.M., Duenas, M., Carv-
alho, A.M., Abreu, R.M.V., Santos-Buelga, C., Ferreira, I.C.F.R.,
2012. Crataegus monogyna buds and fruits phenolic extracts:
growth inhibitory activity on human tumour cell lines and chemical
characterization by HPLC–DAD–ESI/MS. Food Res. Int. 49, 516–
523.
Verma, S.K., Jain, V., Verma, D., Khamesra, R., 2007. Crataegus
oxyantha – a cardioprotective herb. J. Herbal Med. Toxicol. 1, 65–
71.
Veveris, M., Koch, E., Chatterjee, S.S., 2004. Crataegus special extract
WSR 1442 improves cardiac function and reduces infarct size in a
rat model of prolonged coronary ischemia and reperfusion. Life
Sci. 74, 1945–1955.
Wolfender, J.L., Waridel, P., Ndjoko, K., Hobby, K.R., Major, H.J.,
Hostettmann, K., 2000. Evaluation of Q-TOFMS/MS and multiple
stage IT-MSn for the dereplication of ﬂavonoids and related
compounds in crude plant extracts. Analusis 28 (10), 895–906.
Zhang, Z., Chang, Q., Zhu, M., Huang, Y., Ho, W.K.K., Chen, Z.Y.,
2001. Characterization of antioxidants present in hawthorn fruits.
J. Nutritional Biochem. 12, 144–152.
